Gel-like solutions of N-acyl-L-aspartic acids (CnAsp) and N-dodecanoy1-ƒÀ-alanine (C12Ala) were investigated by infrared absorption spectroscopy and optical microscopy. The structures of fibrous assemblies and their construction mechanisms were discussed. Examination was also carried out on the addition of 2-ethylhexylamine (2-EHA) as a stabilizer, and its effects on fibrous assemblies were examined. C18Asp fibers were stabilized over long periods by the addition of 2-EHA. Amide bonds in amino acid surfactants played an important part in the formation of high-order structures such as fibrous assembries, globular particles, and crystals. Globular particles produced at high temperature were transformed into fibrous assemblies at room temperature. Two models for this mechanism were proposed.
(AFM)12), infrared spectroscopy11), circular dichroism9), differential scanning calorimetry7), nuclear magnetic resonance8), X-ray diffraction2), small-angle X-ray scattering (SAXS)10), 12) , and small-angle neutron scattering (SANS)10),12) Many investigations of fibrous assemblies were concerned in structures of fibers, and some workers assumed the molecular arrangement in fibrous chains in association with the construction mechanism of fibers.
It was confirmed from phase diagrams that gel-like solutions of chiral N-acyl-Laspartic acids (CnAsp, n=12, 14, 16, 18 ) were obtained at medium pH and lower temperature11). The cryo-tramsmission electron microscopic (TEM) observation revealed that helical, fibrous assemblies were formed in the gel-like solutions. SANS measurement proposed more information about molecular arrangement in fibers12). Fibrous assemblies of CnAsp were not stable, and the solutions precipitated with time. The existence of cylindrical fibers in gel-like solu -
without asymmetric carbon was displayed by cryo-TEM11). Similar textures were observed even on AFM12). Small-angyle X-ray scattering profile presented some Bragg peaks. The distances calculated from the peak positions were related to the molecular arrangement in cylindrical fibers. In this work, gel-like solutions of CnAsp and C12Ala are investigated by infrared spectroscopy and optical microscopy to confirm fine structures of fibers and their construction mechanisms.
Examination is also carried out in addition of 2-ethylhexylamine (2-EHA) as a stabilizer, and its effect for fibrous assemblies is discussed. for 2 h at the desired temperature in a water bath, the aspect of solutions such as transparent, opalescent, solid, and gel-like was inspected visually and by using an Olympus BH optical microscope. Then the temperature was lowered and the same procedure was repeated.
The specimens for infrared absorption spectrum measurement were prepared on a KRS-5 window : the solution prepared as described above was mounted on the window and solvent was quickly evapolated in air. Infrared spectra were recorded at room temperature by a JASCO JRA-2 diffraction grating infrared spectrophotometer. The measurement was performed for surfactant solutions with and without 2-EHA.
Video enhanced microscopy (VEM) for a gel-like C12Ala solution was observed on Nicon differential interference contrast microscope NTF 2 equipped with a C 2400 CCD video camera and a digital image processing system ARGAS-10 (Hamamatsu Photonics Co. Ltd. Notations in figure have same meanings as those in Fig. -4 . Fig. -5 Infrared absorption spectra for aqueous C18Asp solutions of 1 % total concentration with that the gel-like solutions are in the coexistent region of the carboxyl and carboxylate species. This is consistent with the result from the pH titration.
Infrared spectrum measurement was also carried out for C18Asp, C,2Ala, and C12Glu solutions (1 %) without for a-helix and $-structure of polypeptide. Therefore, the ordered conformations in molecular assemblies of amino acid surfactants can not be specified from infrared spectra.
It has been confirmed that fibrous assemblies in gel-like Cri ,Asp and C12Ala solutions and vesicular assemblies in opalescent surfactant solutions are formed with the structure of ordered molecular arrangement 11), 12 ). Such ordered structure is kept even in solid state, even if it is rearranged from the original one. The amide bands in transparent solutions are usually not separated from the strong COO-antisym.
str. band, but the amide I band (1,643 cm-1) observed for the transparent C12 Glu solution supports the formation of the ordered structure, which may be assumed to be small vesicles or micelles.
The infrared absortion spectrum of a C12Glu gel solution displays no characteristic amide bands, which are assigned for polypeptide, indicating that there is no ordered structure in the gel solution. Instead of it, many absorption bands are observed. Those bands can be assigned to vibrational modes for isolated amino acid surfactants. Molecules in gel aggregate into oil droplets in disordered arrangement11).
The infrared absorption result is consistent with such structure.
3.3 Video Enhanced Microscopic Observation of a Gel-like Ci2Ala Solution When C12Ala molecules in aqueous acidic medium are incubated for more than 2 h at high temperature, the transparent solutions change to be opalescent11). If the solutions are cooled down to room temperature, they transform into the gel-like solutions.
VEM observation was carried out for a gel-like C12Ala solution of 1 % at pH 6.16. Bundles of fibrous assemblies are observed. When the VEM photograph is compared with that for 1/10 dilution of a 1 % solution, fibers are dispersed from bundles, as seen in Fig.-7 (a). Similar texture of bundles These observation suggests that globular particles transform into rod shape. The suggestion of this process was also obtained from electron microscopic observation11 ). Tubular assemblies were formed in vesicular C12Asp solutions, and vesicles contacted with tubes.
3.4 Formation Process of Fibrous Assemblies It is apparent from VEM observation that globular C12 Ala particles are formed at high temperature and they transform into fibrous assemblies at low temperature. Two kinds of processes are possible for the transition from globular assemblies to tubes. One mechanism is the aggregation of globular particles (process II ). Globular particles linearly aggregate by the interparticle interaction and rearrange to fibers. Another kind of possibility is the transition of structure from globular assemblies to tubes (process I ). Schematic representation of possible mechanisms is illustrated in Fig. -8 .
The necessary of preceding construction of vesicles was also recognized in the formation process of fibrous CnAsp assemblies 11 ). Vesicles are formed at high temperature, and fibers are transformed from vesicles when the temperature is lowered. The incubation time is needed for the formaion of fibers because of the rearrangement of ordered molecules.
The assembly formation concerned with the incubation time was reported for helical fibers of dimyristoy1-5' -phosphatidyldeoxycitidine9). Phospholipid vesicles, which were prepared by ultrasonication treatment, converted into fibers after the dispersion was incubated for 10 h at 25 °C . When globular C12Ala particles are vesicles, the formation process of fibrous C12Ala assemblies may be resemble to that of C,Asp fibers.
Possible models of C,Asp and C12Ala fibers were estimated with the aid of the electron and atomic force microscopy and the small-angle neutron and X-ray scattering12) . It was concluded that C,Asp fibers can be the double strand or the super helical strand of helical bilayer strands. Such structure does not necessarily need vesicle as a precursor.
However, the electron micrograph explained the existence of fibers contacted with vesicles").
Vesicles were far larger than the diameter of fibers. This may support the mechanism where fibers are formed by the transformation or the protuberance of vesicles. It was revealed that nonhelical C12Ala fibers took cylindrical structure with uniform diameter which was consisted of multilamellar layers with common, constant width12). Such structure suggests the role of multilamellar vesicles as a precursor. The formation of fibrous assemblies from vesicular bilayers may be a model for the formation of projected organizations from native membranes. (Received Nov. 9, 1995 ) 
